H epatitis A virus (HAV) infection occurs globally
and is more common where sanitation is poor. HAV is primarily transmitted by the faecal-oral route, person-to-person contact or ingestion of contaminated food and drink. 1 One of the most common reported routes of foodborne-associated hepatitis A is shellfish consumption. 1, 2 In India, cases of hepatitis A have been linked to the consumption of toddy, an alcoholic drink made from the sap of coconut and other palm trees.
Manjung is a district in the south-western part of the state of Perak, Malaysia. The most common ethnic groups are Malay (160 650), Chinese (76 500), Indians (12 750) and others (5100).
3, 4 The major sectors of economy in the Manjung District are agriculture and tourism. 3 Coconut is one of the crops grown in Manjung with the sap used to produce toddy drinks. The flower clusters of the coconut are incised, fermented and drank as toddy. Toddy is usually served within a day, unless preserved in a chiller. District Department received notification from the district hospital of 10 cases of suspected hepatitis A on 19 September 2012. Cases presented with the typical signs and symptoms of hepatitis A, and serology samples were positive for HAV IgM. We conducted an investigation to identify the source, mode of transmission and to recommend control measures.
METHODS

Epidemiological investigation
We conducted a case-control study. Routine notifications from health-care providers were reviewed, and active case finding was conducted among high-risk groups such as food handlers, workers at food premises and household members of cases. A suspect case of hepatitis A was a person with an acute illness with discrete onset of symptoms and jaundice or elevated serum aminotransferase levels from September 2012 in Manjung District. A confirmed case was serologically 8 September 2012 (Figure 1 ). 
Environmental assessment
Toddy is produced at processing places A and B, and it can be bought directly and consumed at the processing places or distributed to other food premises. Observation at the processing places showed both of them to be unhygienic. There were no toilets available; toddy was mixed with bare hands; a common bucket was used before bottling; and well water was used to wash at the premises, including the washing of utensils. The well water from processing place B was positive for coliforms. All environmental specimens were negative for HAV. The pH level of toddy at harvesting was 3.37-3.63 and at of bottling was 3.07-3.27. Toddy specimens were unable to be tested for HAV.
A total of 341 food premises were inspected; 10 premises were closed under the Malaysian Food Act 281 and four under the Centers for Disease Control Act 1988. All 67 food handlers tested for HAV were negative, although 71.6% were reactive to total antibody. Samples taken from restaurants such as ice cubes, treated water and piped water supply were all negative for HAV.
DISCUSSION
Despite many local officials speculating that seafood and water were the sources of this outbreak, the results positive for HAV IgM antibodies. Controls were randomly selected from the same housing area as cases, were without signs and symptoms and returned negative HAV tests.
We conducted face-to-face interviews using a structured questionnaire that included questions on socio-demographics, food items eaten and activities related to possible ways of transmission. We also included questions pertaining to eating seafood and drinking toddy. Questions pertaining to specific events in September 2012, such as the Eid al-Fitr festival, were also included.
Univariable and multiple logistic regression analyses were performed using STATA 11 software. A backward multiple logistic regression model was applied and multicollinearity and interaction terms were checked. A Hosmer-Lemeshow test, classification table and area under the ROC curve were applied to check the model of fitness.
Laboratory investigation
Blood specimens were sent to the Public Health Laboratory in Sungai Buloh, Selangor and Kinta, Perak for serological tests for HAV (IgM).
Food and environmental investigation
Investigations were conducted at two toddy processing places and 341 food premises. A selection of food handlers were tested for hepatitis A based on place of work and type of food they sold. Environmental samples such as ice cubes from the factory, toddy, seafood and well water were collected for laboratory test by polymerase chain reaction. The pH of toddy samples at various levels of manufacturing was also determined.
RESULTS
There were 78 cases of hepatitis A with an attack rate of 3.1 per 10 000 population. The majority of the cases were male (95%) with an age range of 13 to 72 years (mean 31.4 years). There was a higher proportion of cases in the subdistricts of Ayer Tawar (47.4%) and Sitiawan (37.2%). Most cases occurred among Indians (5.1 per 1000 population), were aged 25-40 years, worked as labourers and were of low income ( and Malays were very low, even though the majority of these two groups lived in the same outbreak areas. It should also be noted that all ethnic Malays are Muslim and therefore are prohibited to drink alcohol.
In this outbreak, we expect cases will continue to appear, which had been experienced elsewhere; outbreaks are often prolonged and difficult to control.
5
Usually outbreaks may persist for six to 18 months until the pool of susceptible people is exhausted.
8
There are some limitations in our investigation. Recall bias on food intake is one limitation, but this was reduced by asking questions pertaining to the Eid al-Fitr festival. We were also unable to test the presence of HAV in the toddy due to the unavailability of laboratory testing during the outbreak.
Despite these limitations, the investigation suggests that toddy was the source of this hepatitis A outbreak. As a result of this investigation, the toddy preparation places were closed. Cases were followed up weekly as they had the potential to be the source of secondary infection. We also recommended improved sanitary facilities and appropriate water quality for the field workers.
show that men who drank toddy were more likely to be hepatitis A cases. Even after controlling for all other foods items, seafood was not associated with being a case.
Toddy was the potential source of this outbreak with the time of exposure corresponding to when Malaysians celebrated the Eid al-Fitr festival. Although the Eid alFitr festival is a celebration for Muslim communities, almost all Malaysian communities celebrate the festival, too. Low standards of sanitation promote transmission of the HAV infection, 5 and the environmental investigation found unhygienic conditions at both processing places, although the epidemiological investigation found that drinking toddy from processing place A was associated with illness. HAV contamination of toddy can occur at any point of processing, 6 and there was potential contamination observed during preparation, mixing, serving or using utensils washed in contaminated well water. The pH of the toddy tested ranged from 3.0 to 3.8 in which HAV can survive and multiply. Toddy is easy to access and cheaper than other alcoholic drinks, and it contains only 4-5% alcohol. 7 Additionally, most cases occurred among Indians which may be related to their habit of drinking toddy. Attack rates among Chinese 
